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1. Executive summary 
The lowest risk, material carbon storage option in the Surat Basin is the Blocky Sandstone Reservoir 
(Precipice Sandstone) at over 2.3km depth, in the deepest part of the Mimosa Syncline. To test the likely 
storage performance (especially vertical containment) at the basin-centre, three contrasting 10 x 10 km 
sector-scale static reservoir models were built.  
The three models captured the range of geological uncertainty in facies distribution and reservoir properties 
by considering sectors of the Surat Basin with different paleogeographic implications: the Moonie Sector, the 
Meandarra Sector, and the Woleebee Creek Sector. The main purpose of the models was to capture 
necessary detail particularly at the interface between the Blocky Sandstone Reservoir and the Transition 
Zone for each of the three geological scenarios. 
Deterministic (object) modelling was used for the Blocky Sandstone Reservoir and lower Transition Zone. 
The dimensions, orientations, and sizes of geobodies were based on literature and modern deposition 
environments but designed to be characteristic of the prognosed basin-centre geology. Stochastic modelling 
was implemented for the upper portion of the Transition Zone and the Ultimate Seal. This was due to early 
dynamic simulation demonstrating that these zones were less sensitive to the distribution of facies. Reservoir 
properties including Vshale, net to gross, porosity, and permeability were modelled using stochastic means, or 
were calculated based on petrophysical equations. 
Results of the static reservoir modelling showed that:- 
– Woleebee Creek Sector had a clean, porous, and permeable Blocky Sandstone Reservoir interval, a 
‘dirty’ Transition Zone with the lowest porosity and permeability of the three sector models, and an 
Ultimate Seal that was very low porosity and permeability.  
– The Meandarra Sector displayed the dirtiest Blocky Sandstone Reservoir with comparatively low 
porosity and permeability, a mid-case Transition Zone with moderate porosity and permeability, and 
an Ultimate Seal very similar to Woleebee Creek Sector model.  
– The Moonie Sector model had an overall clean, porous, and permeable Blocky Sandstone 
Reservoir, the sandiest and most porous and permeable Transition Zone of the three sector models, 
and an Ultimate Seal almost identical to Woleebee Creek and Meandarra sector models.  
The distribution of facies and reservoir properties in the static models supports the concept that the 
Transition Zone has the potential to provide sealing functionality overlying the Blocky Sandstone Reservoir, 
by a barrier or at worse a signifcant ‘baffle’ to vertical flow and pressure transmission. In all cases, the 
Ultimate Seal showed excellent sealing properties. 
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2. Introduction 
Representing geological complexity in reservoir models is important to adequately assess the feasibility of 
CO2 storage in the subsurface. Rock properties, such as porosity and permeability, are strongly impacted by 
the heterogeneity of sedimentary facies, as is the mineralogy of the rock. These in turn influence the carbon 
storage performance of the notional injection site. Thus, it is important to characterise facies and their 
architecture at multiple scales because facies play a first-order control on these properties. This ensures that 
the fluid flow behaviour modelled by the reservoir simulation represents geologically realistic scenarios 
across the range of uncertainty (Bianchi et al. 2015; Ringrose & Bentley 2015). 
A variety of methods have been developed to model the distribution of geological strata, each with various 
strengths and weaknesses. These are generally characterised as either stochastic or deterministic methods 
(de Marsily et al. 2005, Koltermann & Gorelick 1996). Stochastic approaches generate a series of equi-
probable realisations of subsurface heterogeneity. The advantage of stochastic modelling is the ability to 
capture uncertainty in the geology and provide the parameterisation of grid cells. A drawback of stochastic 
models is the difficulty in reproducing complex and interconnected geologically realistic structures, which are 
common to most siliciclastic depositional systems (He et al. 2014; Refsgaard et al. 2012). Deterministic 
approaches use direct or indirect geological information to build unique models of heterogeneity. These 
types of models obey stratigraphic and facies relationships (i.e. Walther’s Law), but tend to be more 
interpretive, relying on the model builder’s conceptualisation of geological systems. The major pitfall of 
deterministic models is the perceived difficulty in applying reservoir rock properties to the geology, as these 
are not necessarily linked one for one (Xu & Dowd 2003; Perrin et al. 2005; Mallet 2002; Turner 2006). Other 
alternate means exist that attempt to impart geological information within a statistical framework, such as 
multi-point statistics (Hu & Chugunova 2008) and transition probability approaches (Carle & Fogg 1997; 
Carle & Fogg 1996), but these can be challenging to apply in three dimensional analysis. 
In this project, we used a deterministic approach to capture the reservoir characteristics and sealing potential 
of the Blocky Sandstone Reservoir and Transition Zone, respectively, surrounding a notional CO2 injection 
well at the basin-centre. Due to the large degree of uncertainty in the geology, a series of three sector-scale 
10 x 10 km reservoir models were constructed based on our regional understanding of the palaeogeography. 
This helped produce several geologically-reasonable play segment situations each with their own geobody 
distributions that captured the range of geological uncertainty that exits for the basin centre location. As the 
basin centre is largely lacking in seismic, core, and wireline log data the various geometries and orientations 
of geobodies were conceptualised using facies analysis of core (La Croix et al. 2019a), wireline log facies 
from neural networks (see Harfoush et al. 2019a), and from sequence stratigraphy using wireline logs and 
seismic (see La Croix et al. 2019b). The models were then populated with reservoir properties using a facies-
driven approach, and ultimately used for dynamic flow simulation. 
3. Background 
3.1 Regional geological setting 
The Surat Basin is a large intra-cratonic basin situated in eastern Australia and is connected to the time-
equivalent Eromanga and Clarence-Moreton basins to the west and east, respectively, across the Nebine 
and Kumbarilla ridges (Figure 1). The Surat Basin spans across an area of ~327, 000 km2 in Queensland 
and New South Wales between latitudes 25–33 S, and from longitudes 147–152 E (Power & Devine 1970; 
Exon 1976; Green et al. 1997). The primary structural feature is the Mimosa Syncline, which runs north to 
south along the middle of basin from approximately 24 S to at least 28 S (Exon 1976; Fielding et al. 1990; 
Hoffmann et al. 2009). It is a long narrow syncline located to the west of the Leichardt-Burunga and Moonie-
Goondiwindi fault systems that have been interpreted as a reactivated incipient basement fault (Fielding et 
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al. 1990; Raza et al. 2009). Many other less prominent structural features also exist (Gonzalez et al. 2019a), 
though none had such outstanding impact on deposition within the basin. 
Figure 1 (A) Selected Jura-Cretaceous sedimentary basins in eastern Australia, and (B) the major 
structural features in the Surat Basin. Based on data from (Assessment, 2016) and (Wainman 
et al., 2015). 
 
In southern Queensland the Surat Basin overlies the Permian–Triassic Bowen Basin, which has an area of 
approximately 240,000 km2. The structural geometry of the Bowen Basin is defined by a series of ridges and 
troughs that are separated by complex thrust fault systems; these include the Taroom and Denison troughs. 
Pre-existing structure of the Bowen Basin appear to have influenced the evolution and deposition within the 
Surat Basin. Extensive erosion following Bowen Basin sedimentation, from the Late Triassic to Early 
Jurassic, created accommodation space for deposition into the Surat Basin (Gonzalez et al. 2019a). 
The Surat Basin was filled in six major depositional pulses (Exon & Burger 1981). The first cycle comprises 
the Precipice Sandstone, consisting largely of braided river and braid delta deposits that filled the topography 
on the base-Surat unconformity. As base level transgressed during the first cycle, the Evergreen Formation 
accumulated atop the Precipice Sandstone. The Evergreen consists of meandering channel sandstones, 
overbank siltstones and mudstones, as well as well as sandstones and mudstones interpreted to represent 
subaqueous delta deposits. This first cycle of Exon & Burger 1981 have been taken to represent global 
supersequences (Hoffmann et al. 2009; Wang et al. 2019), based on the Exxon sea level curve (Haq et al. 
1987). Wang et al. (in press) further subdivided the Precipice Sandstone–Evergreen Formation succession 
into three third-order depositional sequences using core, wireline logs, and seismic reflection data. 
3.2 Notional injection site selection 
The approach to site screening was based on technical and non-technical risk minimisation rather than on 
cost optimisation. Notional injection sites for the Surat Basin were selected using geographic information 
systems (GIS) and multiple criteria decision-making methods (Figure 2 Wolhunter et al. 2019a). The 
decision-making analysed information about surface and subsurface constraints to minimise the overall risks 
associated with carbon capture and storage (CCS). Each constraint was assessed in terms of its effects on 
the suitability of injection locations. Surface constraints that were considered include: slope of the land 
surface; distance from streams, dwellings, roads, powerlines, railways, and pipelines; land ownership and 
land use; existing easements; as well as regulated parks and vegetation management areas. Subsurface 
constraints include: reservoir thickness and depth; reservoir dip angle; distance from the lateral pinch out of 
the Blocky Sandstone Reservoir; proximity to faults; and, distance from coal seam gas (CSG), petroleum, 
and water wells. These factors represent some of the major technical considerations for commercial-scale 
CCS deployment. Based on the factor analysis, a large extent of the Surat Basin was deemed less suitable 
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for the purposes of the UQ-SDAAP project. We were left with a relatively limited area located on the western 
flank of the southern Surat Basin. The 10 x 10 km modelled area is approximately located within the box 
labelled “North 1” on Figure 2. 
Figure 2  Notional injection sites that were identified based on a GIS decision making analysis of the 
surface and subsurface constraints on carbon capture and storage in the Surat Basin.  
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4. Dataset and methods 
The dataset used for sector modelling consisted of paleogeographic maps of the Precipice Sandstone–
Evergreen Formation interval (La Croix et al. 2019b), as well as petrophysical properties derived from core 
and wireline log analysis (Harfoush et al. 2019a). 
4.1 Conceptualisation 
4.1.1 Stratigraphy and paleogeography 
Paleogeographic maps were used as a predictive tool for understanding the distribution of sedimentary 
facies and depositional environments for the major stratigraphic subdivisions. The stratal packages were 
defined as the intervals between J10–TS1, TS1–MFS1, MFS1–SB2, SB2–TS3, and TS3–J30, respectively 
(Figure 3). These were the most convenient and meaningful way to split the Precipice Sandstone–Evergreen 
Formation succession as the surfaces were straightforward to correlate and map across the basin. The 
subdivision captured the detail of the Blocky Sandstone Reservoir interval (J10–TS1; see Sequence 
Stratigraphy Report), the component stratal architecture of the Transition Zone (TS1–MFS1, MFS1–SB2, 
and SB2–TS3), as well as the Ultimate Seal (TS3–J30). However, grouping units together for mapping and 
modelling was necessary in situations where the strata between two surfaces were thin or discontinuous 
across the basin. The best example of this is the Boxvale Sandstone Member, which was grouped to be 
included in the uppermost portion of the Transition Zone (SB2–TS3) though technically is defined as 
occurring between J20 and TS3. 
Figure 3 Nomenclature and stratigraphic subdivision for modelling of the Precipice Sandstone-Evergreen 
Formation succession in the Surat Basin. 
 
 UQ-SDAAP | Sector-scale static reservoir modelling of the basin-centre in the Surat Basin, Queensland 10 
 
The paleogeographic maps were the main outcome of the core analysis and facies from neural networks 
workflow (see Harfoush et al. 2019a). In summary, a facies classification scheme was defined from core 
observations (see La Croix et al. 2019c). Next, the wireline log signature of the core facies was simplified 
into a smaller set of wireline log facies (WLF) with similar ranges of petrophysical parameters using statistical 
methods. Then, an artificial neural network was trained to recognise the WLF using the cored wells to cross 
validate. Finally, WLF were determined from 189 wells within the basin that had a suitable suite of logs. From 
these, the proportion of WLF in each of the stratigraphic intervals mentioned above were calculated. The 
facies distributions were generated by mapping the dominant WLF for each well in each interval. The 
paleogeographic maps were then used to understand and predict the variation in geological heterogeneity 
and depositional environments at the basin-centre where data was lacking. 
4.1.2 Model philosophy for the basin-centre 
To capture the uncertainty of facies distributions at the basin-centre, 10 x 10 km static reservoir sector 
models were built of three contrasting paleogeographic regions:  
1) the Moonie region – thought to be the most proximal in terms of the position of sedimentary 
environments relative to a paleo-shoreline;  
2) the Meandarra region – which was interpreted to represent the most likely depositional position; and,  
3) the Woleebee Creek region – representing the most distal of the three situations with respect to a 
paleo-shoreline.  
Sedimentary facies, their proportions, geometry, and distribution were transposed into the sector model to 
the correct depth and orientation for the position within the basin-centre. The three regions were only used 
as a conceptual basis for the distribution of sedimentary facies, which then drove the model parameterisation 
with porosity and permeability distributions corrected to in-situ conditions of the basin centre location. 
However, the data derived from petrophysics applies to the regions as a whole rather than any individual 
wells within the region. 
4.2 Petrophysics 
Petrophysical data was used to populate model cells with appropriate rock properties. Properties that were 
modelled include: ‘shaliness’ (Vshale), net to gross (NTG), total (T) and effective porosity (E), and horizontal 
(kh) and vertical permeability (kv). They were calculated on a per-facies basis using WLF. Generally, 
properties fell into two broad categories: modelled parameters and calculated parameters. Modelled 
parameters were derived from detailed petrophysical analysis (Harfoush et al. 2019a) and distributed 
through the sector-scale static models (see below) with a correction for in-situ conditions of the basin centre 
location. Calculated parameters were calculated based on the modelled parameters but were not distributed 
using deterministic or stochastic means. The parameters that were modelled consisted of Vshale, T, and E. 
The calculated parameters were NTG, kh, and kv. 
4.2.1 Vshale 
Vshale was calculated based on WLFs for all wells within the central region of the basin that had high-quality 
facies predictions (i.e. those that contain five or six discrete types of wireline logs; see Harfoush et al. 
2019a). Values were upscaled to the grid-cell scale and then histograms were used to determine the 
maximum, minimum, and mean values for each parameter distribution through the models (Table 1) 
4.2.2 Total and effective porosity 
Porosity was derived from wireline log analysis calibrated to core. Nine wells in proximity to the notional 
injection site were selected to produce histograms of T and E: Daydream 1, Forkes Creek 1, Glen 1, Grail 
North 1, Hoadleys 1, Tasmania 1, Waggamba 2, Woodville 1, Fairymount 1. The maximum, minimum, and 
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mean values were determined from the histograms and were the basis for distributing porosity through the 
static models (Table 2 and Table 3). 
 
Table 1 Summary table showing the distribution of Vshale values (%) used to populate the static sector 
models on a per facies basis. 
Wireline Log Facies Maximum Minimum Mean 
SA 0.45 0 Distribution Function 
SB 0.88 0.02 Distribution Function 
SC 0.90 0.28 Distribution Function 
SMA 0.86 0.26 Distribution Function 
SMB 0.96 0.50 0.63 
MA 1.00 0.50 0.71 
MB 0.78 0.55 0.61 
OB 0.66 0.58 0.57 
 
Total porosity was corrected to the depth conditions at the basin-centre using Equations 1 and 2 for SA and 
the other sandstone WLFs (SB, SC, SD, and SMA), respectively: 
 
DepthCorrect_SA = (-4.73 x 10-5) * Z + 0.24       [Equation 1] 
DepthCorrect_othersandstone = (-9.61 x 10-5) * Z + 0.27      [Equation 2] 
 
Where Z = true vertical depth relative to sea level. Effective porosity was corrected to the depth conditions at 
the basin-centre using Equations 3 and 4 for SA and the other sandstone WLFs (SB, SC, SD, and SMA), 
respectively: 
 
DepthCorrect_SA = (-2.73 x 10-5) * Z + 0.19       [Equation 3] 
DepthCorrect_othersandstone = (-5.24 x 10-5) * Z + 0.18      [Equation 4] 
 
Table 2 Summary table showing the distribution of total porosity values (%) used to populate the static 
sector models on a per facies basis. 
Wireline Log Facies Maximum Minimum Mean Standard Deviation 
SA 0.18 0.11 0.15 0.018 
SB 0.17 0.07 0.12 0.028 
SC 0.12 0.05 0.08 0.016 
SMA 0.145 0.055 Distribution Function Distribution Function 
SMB - - 0.081 - 
MA - - 0.081 - 
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MB - - 0.081 - 
OB - - 0.081 - 
 
Table 3 Summary table showing the distribution of effective porosity values (%) used to populate the 
static sector models on a per facies basis. 
Wireline Log Facies Maximum Minimum Mean Standard Deviation 
SA 0.18 0.11 0.15 0.018 
SB 0.16 0.07 0.12 0.027 
SC 0.12 0.04 0.07 0.019 
SMA 0.125 0.035 Distribution Function Distribution Function 
SMB - - 0.037 - 
MA - - 0.037 - 
MB - - 0.037 - 
OB - - 0.037 - 
 
4.2.3 Net to gross 
Net to gross was calculated in two different ways that varied depending upon the stratigraphic horizon/zone: 
1. For the Blocky Sandstone Reservoir (J10–TS1), NTG = 1 - Vshale.   [Equation 5] 
2. For the rest of the model, NTG = ‘net’/’gross thickness’,    [Equation 6] 
where ‘net’ is defined as having T > 0.06 and Vshale < 0.5. 
4.2.4 Permeability 
Horizontal permeability (Kh) was allocated using a series of porosity–permeability transformations designed 
to capture uncertainty. The permeability referred to herein is water in situ reservoir permeability. Transforms 
were generated using core plug data corrected to in-situ conditions and calibrated to DSTs (see 
Petrophysics Report). Generally, Kh was only calculated for sandstone WLFs; an assigned permeability value 
of 0.01 mD was used for all mudstone WLFs based on observations from core plug analyses.  
In each sector model area (Moonie, Meandarra, Woleebee Creek) the corresponding porosity–permeability 
transform was applied. However, in the Woleebee Creek sector model two porosity–permeability transforms 
were used to see the impact of the large volume of Woleebee Creek GW4 data. For all models a P10, Base 
Case, and P90 transformation were calculated (Table 4, Table 5, and Table 6). 
Table 4 Base Case porosity–permeability transformations for wireline log facies SA, and SB-SC-SD-
SMA by region. 
Region Wireline Log Facies Porosity–Permeability Transformation 
Moonie SA 10^ (-2.30 * Vshale + 14.05 * T - 0.20) 
Moonie SB, SC, SD, SMA 10^ (-2.35 * Vshale +14.95 * T - 1.04) 
Central Basin SA 10^ (0.13 * 100 * T + 0.18) 
Central Basin SB, SC, SD, SMA 10^ (-0.99 * Vshale +0.31 * 100 * T - 3.91) 
Woleebee Creek SA 10^ (0.12 * 100 * T + 0.88) 
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Woleebee Creek SB, SC, SD, SMA 10^ (-0.98 * Vshale + 0.21 * 100 * T - 3.83) 
Managed Aquifer Recharge SA 10^ (0.20 * 100 * T - 1.24) 
Managed Aquifer Recharge SB, SC, SD, SMA 10^ (-0.67 * Vshale + 0.26 * 100 * T - 4.11) 
 
Table 5 P10 porosity–permeability transformations for wireline log facies SA, and SB-SC-SD-SMA by 
region. 
Region Wireline Log Facies Porosity–Permeability Transformation 
Moonie SA 10^ (-2.26 * Vshale + 11.40 * T + 1.02) 
Moonie SB, SC, SD, SMA 10^ (-3.01 * Vshale + 14.07 * T + 0.24) 
Central Basin SA 10^ (12.23 * T + 0.78) 
Central Basin SB, SC, SD, SMA 10^ (- 1.09 * Vshale + 31.10 * T - 3.44) 
Woleebee Creek SA 10^ (3.70 * T + 2.98) 
Woleebee Creek SB, SC, SD, SMA 10^ (-1.04 * Vshale + 29.74 * T - 3.60) 
Managed Aquifer Recharge SA 10^ (6.65 * T + 2.06) 
Managed Aquifer Recharge SB, SC, SD, SMA 10^ (-1.53 * Vshale + 29.35 * T - 3.11) 
 
Table 6 P90 porosity–permeability transformations for wireline log facies SA, and SB-SC-SD-SMA by 
region. 
Region Wireline Log Facies Porosity–Permeability Transformation 
Moonie SA 10^ (-1.23 * Vshale + 19.36 * T - 2.09) 
Moonie SB, SC, SD, SMA 10^ (-1.66 * Vshale + 11.12 * T - 1.58) 
Central Basin SA 10^ (22.18 * T - 2.72) 
Central Basin SB, SC, SD, SMA 10^ (-1.27 * Vshale + 16.66 * T - 4.08) 
Woleebee Creek SA 10^ (17.34 * T - 0.79) 
Woleebee Creek SB, SC, SD, SMA 10^ (-1.54 * Vshale + 16.47 * T - 3.99) 
Managed Aquifer Recharge SA 10^ (30.92 * T - 4.37) 
Managed Aquifer Recharge SB, SC, SD, SMA 10^ (-1.76 * Vshale + 18.97 * T - 3.89) 
 
Vertical permeability (Kv) was calculated by using the respective Kv/Kh ratios by facies (see Modelling 
Permeability Report) as characterised from core plug analyses. These are listed in Table 7. 
Table 7 Kv/Kh for the various wireline log facies used in the sector-scale static reservoir models. 
Wireline Log 
Facies 
P90 Base Case P10 
SA 0.117918 0.192837 0.287283 
SB 0.020978 0.025518 0.041664 
SC 0.000982 0.001181 0.003204 
SD 0.000526 0.000789 0.005668 
SMA 0.000264 0.000315 0.000730 
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SMB 0.000264 0.000313 0.000715 
MA 0.009175 0.016365 0.061077 
MB 0.015683 0.025485 0.156916 
OA, OB 0.000716 0.001197 0.004316 
 
4.3 Static reservoir modelling 
Static reservoir modelling consisted of three components: building the model structure, modelling facies, and 
property modelling. Each modelling phase drew upon a different dataset that is described in other technical 
reports. Herein we give a summary of the data and methods used to build and populate each sector model.  
4.3.1 Model structure 
The sector-scale models were built using the regional stratigraphic horizons that were mapped across the 
basin: J10, TS1, MFS1, SB2, TS3, and J30 (see Sequence Stratigraphy and Seismic reports). However, the 
interval from J10–TS1 was split into two using a horizon (J10a) running parallel to and sitting 15 meters 
below TS1 (Table 8). This resulted in a model consisting of 6 major zones / layers (Figure 4). The top of each 
model occurs at a depth of approximately 1910 m subsea. The base of each model sits at approximately 
2120 m subsea, thus each model had a cumulative thickness of 190 m. 
Layering of the models varied by zone in an effort to capture detail at specific stratigraphic intervals. This 
was especially the case near the top of the Blocky Sandstone Reservoir and within the Transition Zone 
where it was important to understand the detailed geological characteristics occurring at the interface (Figure 
4). 
Grid cells in the ‘j’ and ‘k’ directions (i.e. both horizontal directions) were 100 m x 100 m. This resulted in the 
10 km x 10 km model consisting of 100 cells x 100 cells x 55 cells; The total number of cells within the model 
was 550 000. 
Table 8 Horizons used in the sector-scale models. 
Horizon Name Horizon Type 
J10 Conformable 
J10a Conformable 
TS1 Conformable 
MFS1 Conformable 
SB2 Conformable 
TS3 Conformable 
J30 Conformable 
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Figure 4 Sector model layering scheme. 
 
4.3.2 Facies modelling 
Facies were modelled as geobody objects in the lowermost 4 zones, representing the Blocky Sandstone 
Reservoir and lower Transition Zone. On the other hand, the upper two zones (representing the upper 
Transition Zone and Ultimate Seal) were modelled using stochastic means. In order to “object model” 
geobodies, first the overall proportion of facies per zone was estimated by considering the regional 
paleogeographic maps (see Harfoush et al. 2019a). Next, a background frame of facies was used to embed 
the geobody objects. This background consisted of Facies MA to represent the delta plain, SMA to represent 
the proximal subaqueous delta, and SMB to represent the distal subaqueous delta. Within this background, 
various geobodies were populated with a range of size distributions and orientations relative to their position 
in the basin (Figure 5). Orientations were based upon our best understanding of the paleogeography. Size 
distributions were based upon observations from core and with reference to literature values (Table 9). 
Stochastic facies modelling of the Ultimate Seal was undertaken using Sequential Indicator Simulation (SIS; 
Journel 1983; Journel & Issaks 1984; Journel & Alabert 1988; Deutsch 2006). The relative proportion of 
facies were estimated based on paleogeographic maps for their respective intervals. Then, a range of 
anisotropy in the major, minor, and vertical directions were applied (i.e. variograms). We chose a spherical 
variogram with no azimuth or dip direction due to the lack of directional trend information available from the 
basin (Table 10). 
Table 9 Summary of the relationship between wireline log facies, geobody type, and the shapes used 
for object modelling. 
Wireline 
Log Facies 
Geobody Type Geobody Shape Reference 
SA Braided Channel Channel (Gibling 2006; Bridge & Tye 2000) 
SB 
Meandering / 
Distributary 
Channel 
Sinuous channel 
(Gibling 2006; Bridge & Tye 2000; Olariu & 
Bhattacharya 2006) 
SC Mouthbar / Splay 
Rounded quarter 
ellipse 
(Olariu & Bhattacharya 2006; Bhattacharya 
2006; Bianchi et al. 2018; Howell et al. 2008; 
Enge et al. 2010; Lambiase et al. 2002) 
SD Not modelled - - 
SMA Delta Lobe Background 
(Bhattacharya 2006; Willis et al. 1999; 
Bhattacharya & Giosan 2003; Howell et al. 
2008) 
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SMB Delta Lobe Background 
(Bhattacharya 2006; Willis et al. 1999; 
Bhattacharya & Giosan 2003; Howell et al. 
2008) 
MA 
Delta plain/ Flood 
plain 
Background - 
MB Bay 
Half ellipse with 
rounded base 
(Elliott 1974) 
Table 10 Anisotropy used for Sequential Indicator Simulation of facies in the upper two zones of the static 
sector models. 
Zone 
Variogram 
Type 
Anisotropy in Major 
Direction (m) 
Anisotropy in Minor 
Direction (m) 
Anisotropy in Vertical 
Direction (m) 
SB2–
TS3 
Spherical 1000 1000 5 
TS3–
J30 
Spherical 1500 1500 5 
4.3.3 Petrophysical modelling 
Petrophysical modelling was undertaken on Vshale, T, and E using Sequential Gaussian Simulation (SGS; 
Deutsch and Journel, 1992, Verly, 1993, Lee et al., 2007) for sand-dominated facies (Figure 6). Mud-
dominated faces, on the other hand, were modelled using assigned constant values; the mean log-derived 
value for the central basin region (Table 1,Table 2, and Table 3). Sandy facies were distributed using the 
minimum, maximum, and standard deviation for most properties. Distribution functions were used for SGS of 
all sandy facies for Vshale. Distribution functions were also used for SGS modelling of T and E for facies 
SMA (Table 11). Each distribution function was based upon the upscaled log-derived values from the central 
basin. Finally, a range of anisotropy in the major, minor, and vertical directions were applied (i.e. 
variograms). We chose a spherical variogram with no azimuth or dip orientation due to the lack of directional 
trend information available from the basin (Table 12). 
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Figure 5 Facies modelling of the Meandarra sector model. (A) object modelling of the lower Blocky 
Sandstone Reservoir. (B) object modelling of the upper Blocky Sandstone Reservoir. (C) object 
modelling of the lower Transition Zone. (D) object modelling of the middle Transition Zone. (E) 
Sequential Indicator Simulation of the upper Transition Zone. (F) Sequential Indicator 
Simulation of the Ultimate Seal. 
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Figure 6 Examples of the property modelling for the Meandarra sector model. (A) Vshale. (B) Net to gross. 
(C) Total porosity. (D) Effective porosity. (E) Horizontal permeability. (F) Vertical permeability 
(water in situ reservoir permeability). Note that Vshale, total porosity and effective porosity were 
modelled parameters, whereas net to gross, horizontal permeability, and vertical permeability 
were calculated parameters. 
 
Table 11 Assigned values of Vshale, T, and E for mud-dominated facies (SMB, MA, MB, OB) through the 
static reservoir models. All units are as %. 
Wireline Log 
Facies 
Vshale T E 
SMB 0.63 0.081 0.037 
MA 0.71 0.081 0.037 
MB 0.61 0.081 0.037 
OB 0.57 0.081 0.037 
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Table 12 Anisotropy used for Sequential Gaussian Simulation of Vshale, T, and E for sand-dominated 
facies (SA, SB, SC, SMA) through the static reservoir models. 
Zone 
Variogram 
Type 
Anisotropy in 
Major Direction 
(m) 
Anisotropy in 
Minor Direction 
(m) 
Anisotropy in 
Vertical Direction 
(m) 
J10–
J10a 
Spherical 1500 1500 5 
J10a–
TS1 
Spherical 1500 1500 3 
TS1–
MFS1 
Spherical 1500 1500 3 
MFS1–
SB2 
Spherical 1500 1500 3 
SB2–
TS3 
Spherical 2000 2000 5 
TS3–
J30 
Spherical 2000 2000 5 
 
5. The static models  
5.1.1 Facies distributions 
Differences in paleogeographic conceptualisation resulted in variable object modelling of facies between the 
three sector type areas. This is the case for the Blocky Sandstone Reservoir, but was most pronounced in 
the Transition Zone (Figure 7). The lower portion of the Blocky Sandstone Reservoir is muddiest in the 
Meandarra sector model due to its proximity to the zero-thickness edge, whereas the Woleebee Creek 
model is conceptualized at a position far from the zero-thickness edge and is therefore the sandiest (Figure 
7A, D, G). For similar paleogeographic reasons, the Meandarra sector model shows an upper Blocky 
Sandstone Reservoir that contains abundant subaerial delta objects (distributary channel sandstones, delta 
plain mudstones) while the Woleebee Creek and Moonie models show shoreline geobody objects such as 
interdistributary bay mudstones and slivers of delta front heterolithics. These are interpreted to reflect the 
onset of transgression as base level (subtly) began to rise near the top of the Blocky Sandstone Reservoir 
(Figure 7B, E, H). Finally, the Transition Zone shows the clearest difference in facies distribution, which is 
manifest as a difference in the position of the paleo-shoreline (Figure 7C, F, I). Here, it is interpreted that the 
Moonie sector model shows the most proximal set of facies due to its topographically high position adjacent 
to the Moonie fault. Moonie is sub equally divided between subaerial (distributary channel sandstones, 
floodplain mudstones, interdistributary bay mudstones) and subaqueous delta (delta front heterolithics, 
mouthbar sandstones) objects. By contrast, the Woleebee Creek sector model is dominated by subaqueous 
delta objects (delta front heterolithics and mouthbar sandstones) with no subaerial delta deposits.  
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Figure 7 Differences in the facies distribution between the three type areas for sector models. A–C show 
the facies evolution from the lower Blocky Sandstone Reservoir to the upper Blocky Sandstone 
Reservoir and then the lower Transition Zone in the Moonie sector. D–F shows the same 
progression for the Meandarra sector. Finally, G–I shows the facies progression for the 
Woleebee Creek sector. 
 
5.1.2 Volume of shale (Vshale) 
Figure 8(A–C) shows the distribution of Vshale in the static sector models. In the Blocky Sandstone Reservoir 
the Woleebee Creek Sector shows the lowest values with few cells having values higher than 0.20, whereas 
the Meandarra Sector is the shaliest having a few more cells with values of greater than 0.4. On the other 
hand, in the Transition Zone the Woleebee Creek Sector has relatively higher Vshale compared to the 
Meandarra and Moonie models. A small proportion of the Woleebee Creek sector shows Vshale less than 0.4, 
whereas in Meandarra and Moonie, the proportion is larger. Finally, for the top of the model – the portions 
that were stochastically modelling – show similar Vshale between all models, with most of the section having 
Vshale greater than 0.5. 
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Figure 8 Comparison between property models of the three sector-scale static models. The left-hand 
column represents the properties for the Moonie Sector, the middle column is the Meandarra 
Sector, and the right-hand column is the Woleebee Creek Sector. A–C are models of Vshale. D–E 
are the models of net to gross. G–I displays the distribution of total porosity. J–L are the models 
of effective porosity. M–O shows the distribution of horizontal permeability. Finally, P–R displays 
the models of vertical permeability. 
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5.1.3 Net to Gross (NTG) 
The distribution of NTG between the three sector models is displayed in Figure 8 (D–F). The comparison 
clearly shows the difference in the way NTG was modelled between zones; the Blocky Sandstone Reservoir 
shows variation between 0.0 and 1.0, with the Meandarra Sector showing the lowest overall proportion of 
“net”, whereas the Woleebee Creek Sector shows the greatest proportion. The Transition Zone and Ultimate 
Seal show binary NTG – either 1.0 or 0.0. The distribution is overall similar between sectors, though the 
Woleebee Creek Sector shows less overall NTG than the Moonie Sector especially in the lower portion of 
the Transition Zone. In the Ultimate Seal, a subtle decrease in NTG from Moonie to Meandarra sectors and 
then Woleebee Creek Sector is displayed. That is, the Woleebee Creek Sector displays the shaliest Ultimate 
Seal compared with Meandarra and Moonie. 
5.1.4 Total porosity (T) 
Differences in total porosity (T) between the three sector models are compared in Figure 8 (G–I). Overall, 
the Moonie and Meandarra Sector models showed quite similar distributions in the Blocky Sandstone 
Reservoir, whereas the Woleebee Creek Sector had more variability in porosity with both higher and lower 
values. Upwards into the Transition Zone the case is similar; Moonie and Meandarra have similar 
distributions of total porosity that show patches of high porosity and patches of low porosity. In contrast, the 
Woleebee Creek Sector shows a more even distribution of T. This is interpreted to be reflective of the 
basin-centre facies distribution in the Woleebee Creek Sector, where the Transition Zone is more 
homogeneous than locations on the basin-margin. The zones corresponding to the Ultimate Seal in all three 
sectors show similar T, with overall low values. 
5.1.5 Effective porosity (E) 
Figure 8 (J–L) displays the distribution of effective porosity (E) in the sector models. The differences 
between the models is subtle, and in the Blocky Sandstone Reservoir for all intents and purposes the 
distribution is essentially the same. However, in the Transition Zone, the Moonie and Meandarra Sectors 
have a patchier distribution of E than the Woleebee Creek Sector. That is, they contain higher porosity 
streaks within a lower porosity background which differs from the Woleebee Creek Sector, which is more 
homogenous. At the stratigraphic level of the Ultimate Seal, the model distribution of E is more or less the 
same between all three sectors. 
5.1.6 Horizontal permeability (Kh) 
The distribution of Kh in the three sector models is shown in Figure 8 (M–O). Overall, the Blocky Sandstone 
Reservoir displays the lowest permeability in the Meandarra Sector, with higher values in the Woleebee 
Creek Sector, and the highest in the Moonie Sector. This seems to be the result of the porosity-permeability 
transforms, where the Managed Aquifer Recharge transform results in higher overall permeability than the 
Moonie transform at porosities above ~16%. Upwards into the Transition Zone and the Ultimate Seal, Kh is 
lowest in the Woleebee Creek Sector, higher in the Meandarra Sector, and highest in the Moonie Sector. 
This is what would be expected in terms of the overall facies distribution and paleogeographic position of 
these sectors. 
5.1.7 Vertical permeability (Kv) 
Figure 8 (P–R) highlights the difference between the Kv in the three sector models. Similar to Kh, the lowest 
Kv values for the Blocky Sandstone Reservoir occur within the Meandarra Sector. The next highest values 
are shown in the Woleebee Creek Sector, with the highest permeability occurring in the Moonie Sector. 
Within the Transition Zone, Kv is lowest in the Woleebee Creek Sector, slightly higher in the Meandarra 
Sector, and highest in the Moonie Sector. Finally, in the Ultimate Seal zone, all three sector models show a 
similar distribution of Kv with generally very low permeability.  
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6. Summary and conclusions 
Three sector models were built to simulate the dynamic response of pressure transmission and CO2 plume 
migration at the basin-centre location: a model of the Moonie Sector, a Meandarra Sector model, and a 
model to represent the Woleebee Creek Sector. The models were based on paleogeographic 
reconstructions of the basin from core, wireline log, neural networks, and seismic character. Models 
focussed particularly on the important interface between the Blocky Sandstone Reservoir and Transition 
Zone. The three sector models capture the range of geological uncertainty with geologically realistic 
scenarios for the static model. These were then used to run dynamic simulations aimed to understand the 
impact of various facies distributions and accompanying variations in porosity-permeability transforms on the 
behaviour of fluid flow in a 10 x 10 km area at the basin centre. 
All three sector models consisted of six zones; two to represent the Blocky Sandstone Reservoir, three 
representing the Transition Zone, and one for the Ultimate Seal. The stratigraphically lowest four zones were 
object modelled using paleogeographic conceptualisation to determine the relative proportion of facies. 
Geobody objects were modelled with a range of sizes and orientations based on dimensions documented in 
the literature or known from modern depositional systems. The Moonie Sector captures the facies from a 
proximal position relative to a paleo-shoreline. The Meandarra sector model showed a more distal facies 
relationship, and one that is thought to be most representative of the basin-centre area where notional 
injection sites have been selected. Finally, the Woleebee Creek Sector demonstrated how facies would be 
distributed in the most distal position relative to a paleo-shoreline. The uppermost two layers within all the 
models used Sequential Indicator Simulation to stochastically model the distribution of facies based upon 
their relative proportions. The three models capture the range of geologically-reasonable uncertainty in the 
Precipice Sandstone-Evergreen Formation succession within the Surat Basin. 
Facies distributions were the basis for modelling reservoir properties in the static models. Six main properties 
were modelled: Vshale, NTG, E, T, Kh, and Kv. Of these, Vshale, E, and T were modelled using Sequential 
Gaussian Simulation and were based on a detailed petrophysics workflow. In contrast, NTG, Kh, and Kv were 
calculated parameters and ultimately tied to the distribution of shale and porosity. Permeability modelling 
used porosity-permeability transforms characteristic of the specific sector areas. The results of the property 
modelling generally showed a cleaner and more porous and permeable Blocky Sandstone Reservoir in the 
Moonie and Woleebee Creek Sectors compared with the Meandarra Sector model. The Transition Zone, on 
the other hand, was dirtiest, with the lowest porosity and permeability in the Woleebee Creek Sector. The 
Moonie Sector had the cleanest and most porous and permeable, Transition Zone with the Meandarra 
Sector lying somewhere midway between the two. Finally, the Ultimate Seal interval was overall similar 
between all three sector models. In all cases, the Ultimate Seal showed low proportions of sandstone, low 
porosity, and low permeability. These results attest to the potential for pressure and flow dampening in the 
Transition Zone and showed good sealing potential of the Ultimate Seal in all three model situations. 
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